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It follows from (31b) that
C=E = P‘[LU((‘/')— ¢(q,°)].

while the change in expenditure on x is
- ' 0 N )
A-PI[HP,q,,:ﬂ "‘(P"p:‘j)]

= lwig)-wig)] + pinlpyr R“’(@)‘L'(P-n*f’.“"(%'))}

$ e as 3 LW o34 (32
Y |

Thus, if x, is a normal good and a perfect substitute for g, the

change in the expenditure on XI understates the true benefit from

an increase in ¢g. In this case, noreover, there are no incone

effects in the denmand curve for g, so that the conpensating and

equi val ent variati ons coincide. Apart from this special case,

however, there does not appear to be any determinate relation

betweend and C or E.

NON- USE VALUES
This above framework can be used to shed sone |light on the
concept of existence value due originally to Krutillia (1967).
This is based on the notion that, even if he did not consune any
of the x’s that are associated with g, an individual mght still
feel sone inprovenent in g and be willing to pay sonmething to

secure it. How can this be explained in ternms of the utility

nmodel di scussed above?
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Smth and Desvousges (1986) have nade an inportant
di stinction between existence values under conditions of
certainty and uncertainty. The phenonenon of consuner choices
under uncertainty -e.g. the individual does not know whether or
not he will want in the future to consume certain x's that are
associated with g - raises nmany inportant issues that transcend
the theory devel oped above, which is firmy rooted in the context
of decisions under certainty. Accordingly, | focus here on the
concept of existence values under the conditions of certainty -
an individual places sone value on an inprovenment in. q even
t hough he does not hinself consune any of the x's that mght be
associated with g, and has no doubt that he will never consune
t hese goods in the future. Under these circunstances, how can we
use the theoretical framework devel oped above to give sone

operational nmeaning to this concept?

Two quantities identified above may have sone bearing on
this question. The first is based on the deconposition in (11).
Suppose that Wak Conplenentarity does not apply so thatdu/dg > O
even when there is zero consunption of x’s that are
conventionally associated with q. In that case one could regard

the quantity

~ P: N \ : o
(B Py 0] - mlp pqnve) < G (p 540404 etoNdp (a3

it
T
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as a neasure of the non-use benefits associated with the

i mprovenent in g - these are the benefits that would accrue to
the individual even if he were consum ng none of the x 's.
Qperationally, one would neasure them by conputing C from the
indirect utility function using (3), and then subtracting the
area between the conpensated demand curves represented by the
integral on the RHS of (33). of course, if Wak Conplenentarity
holds, this quantity is zero. As already noted, that would apply
to the sem-log demand function (8). Interestingly, it does not

apply to another common functional form the linear ordinary

demand function
1«’”('3"1“?/'3) = o«-R(P/pY* Y (ylR) * $5,. (34)

It can be shown that the correspondi ng conpensated denmand
function 5(p,q,u) is independent of q so that the integral in
(11) and (33) is zero and
~ ~ [}
Cem(f, piqPv®)-m(p, B ve) (35)
where the cut-off price is

'}5:: _g_‘(ozf X%’i«-&t"). (36)

In this case, therefore,all of the benefit froma change in q is




page 28

associated with term [m( q%uo)m(g.q ved]. For this reason it
may appear unsatisfactory to equate that quantity with the notion

of non-use or “existence” val ue

The other candidate is the quantity C- (and E* ) defined in
(19) and (22) in connection with the utility representation (18).
That is to say, if the utility function is represented by (18)
rather than (17), one could regard the “extra” conponent of
benefits over and above T or E as a form of non-use val ue. Thi s
interpretation was, indeed, suggested above. An extrene exanpl e

arises when the utility function takes the form

wix,q) = T[o00,q] (37)

i.e. u(x,q) is conpletely independent of q. In that case the
demand function for the x’s are entirely independent of g -
1;=1;ax3)au£ — but the individual still places sone value on
changes in g. From (19)

C=c?”’ (38)

where C* is defined by (20). In this special case the reveal ed
preference approach provides no information (except to confirm
that C=E = O and the only way to neasure C is through sone

form of contingent valuation or contingent behavior experinment.

If the utility function has the general form (18), but not the
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extreme formin (37), a simlar conclusion would apply: the only
way to nmeasure the non-use benefits C- and E* is by contingent

val uation and/or contingent behavior procedures.
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APPENDI X
WILLINGNESS TO PAY AND WILLINGNESS TO ACCEPT: HOW MUCH CAN THEY DI FFER?

Consi der an improvement in the exogenous variabl es comorising an indi-
vidual's choice set. Two possible monetarv measures of the gain in her wel-
fare are the compensating variation (C) and the equivalent variation (E). In
the present context, these correspond, respectively, to the maximm amount the
i ndi vi dual would be willing to pay (WTP) to secure the change and the ninimum
conpensation that she would be willing to accent (WTA) to forego the change.
Howruch can the two differ, and what are the factors that determne the dif-
ference? These aquestions were addressed by Robert Wwillig (1976) in his path-
brezking paper on the welfare measurenent of ovrice changes. Willig argued
that C and E are likely in practice to be fairly close in value, and he showed
that the difference depends directly on the size of the incone elasticity of
demand for the commodity whose price changes.

In many enpirical studies, however, analvsts Seek to obtain monev neasures
of welfare changes due not to price changes but to changes in the availability
of public goods or amenities, changes in the qualities of conmodities, or
changes in the fixed quantities of rationed goods. Xarl-Goran Miler (1974)
was perhaps the first to show that the concepts of C and E can readily be ex-
tended from conventional price changes to quantity changes such as these
Subsequently, Alan Randall and John Stoll (1980) exam ned the duality theory
associated with fixed quantities in the utility function and showed that, with
appropriate nodifications, Willie's formulas for bhomds on C and E do, indeed,
carry over to this setting. Wthin the environnental literature and el se-
where, Randall and Stoll's results have been widelv interpreted as implving

that WP and wta for changes in environnental -amenities should not differ




greatly unless there are unusual income effects. !

However, recent enpirical
work using various types of interview procedures has produced sone evidence of
large disparities between WP and WTA measures--for examole, Richard c. Bishop
and Thomas A. Hebertein (1979) and several studies described by Irene M.
Gordon and Jack L. Knetsch (1979), and bv Knetsch and Sinden (1984). This has
led to something of an inpasse: How can the empirical evidence of significant
di fferences between WIP and ®TA be reconciled with the theoretical analvsis
suggesting that such differences are unlikely? Can they be explained entirelv
by unusual income effects or by peculiarities of the interview process?

In this note | reexamne Randall and Stoll's analysis and show that, while
it is indeed accurate, its inplications have been msunderstood. For quantity
changes there is no presunption that wIP and WTA nust be close in value and,
unlike price changes, the difference between wrP and wrA depends not only on
an incone effect but also on a substitution effect. By the latter, | mean the
ease with which other privately marketed commdities can be substituted for
the given public good or fixed commodity, while maintaining the individual at
a constant level of utility. | show that, holding income effects constant,
the smaller the substitution effect (i.e., the fewer substitutes available for
the public good) the greater the disparity between WIP and WTA. Thi s surelv
coincides with common intuition. |f there are private goods which are readilv
substitutable for the public good, there ousht to be little difference between
an individual's wip and WIA for a change in the public good. But, if the pub-
lic good has al most no substitutes (e.c., Yosemte National Park or, in a dif-
ferent context, your own life), there is no reason whv WIP and WA coul d not

differ vastly--in the lint, WP could equal the individual's entire (finite)

incone while wra could be infinitew argunent is developed in the follovine
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two sections. Section | deals srecifically with the two nolar cases of per-
fect substitution and zero substitution between the public good and avail abl e
private goods. Section Il deals with Randall and Stoll's extension of
Willig's formulas and shows that their bounds are, in fact, consistent wth

substantial divergences between wTP and WTA.
. Two Polar Cases

The theoretical setup is as follows. An individual has preferences for
various conventional market comodities whose consunption is denoted by the
vector x as well as for another commodity whose consunption is denoted by
q.2 This coul d represent the supply of a public good Or amenity; it could
be an index of the quality of one of the private goods; or it could be a
private comodity whose consunption is fixed by a oublic agency.’ The key
point is that the individual’s consunption of ¢ is fixed exogenously, while
she can freely vary her consunption of the x's. These preferences are repre-
sented Dy a utility function, u(x, q), which i s continuous and nondecreasing
inits arguments (I assune that the x’s and q are all “goods”) and strictly
quasi concave in x. The individual chooses her consunption by solving
(1) m)?x u(x,q) subject to Ip;x; =Y
taking the level of g as given. This vields a set of ordinary demand func-
tions, xi =h'(p,q,y), i=l, . . ., ¥ and an indirect utilitv function,
vip, 0, Yy) = ulh(p, ¢, Y),q],which has the conventional properties wth
respect to the price and incone arcuments and also is increasing in q. +sow

1 0

suppose that arises froma“ to q > q while nrices and income remain constant




at (P, y). Accordingly, the individual's utility changesfromquv(p, qO

to u' = V(p, ql, y) in.

> Y)
Fol | owi ng Miler, the conpensating and equival ent

variation neasures of this change are defined, respectively, b}’S

(2) V(p, qla Y - C):V( P, qo,y)

(3) v(p, ql, y) = v(p, qo, v + E).

Dual to the utility maximzation in (1) is an expenditure mnimzation: Mini-
mize Ip;X; Wi th respect to x subject to u = u(x, q), which yields a set of

conpensat ed demand functions, X. 1= gl(p, g, u, i =1, .. . . N and an e.xpendi-
ture function, np, g, u) = Zpigl(p, g, u), which has the conventional proper-
ties with respect to (p, u) and is decreasing in g. In ternms of this function,

C and E are given by

(2') C =m(p, a® uM - nlp, at, uY)

(3) E=mp, o% uh)- mp, o, ub.

It is evident from(2) and (3) that O < C<ywhile E >0.° The questions
at issue are: (1) |sit true that E/C ~ 1? (2) Wat factors affect this
ratio? As a first cut at an answer, I conpare two polar cases. |n the first
case at least one private good--say, the first--is a perfect substitute for
sone transformation of g. Thus, the direct utility function assunes the

special form

(4) UX>q) = U[x1 + y(a), Koy oo v XN]
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where ((® ) is an increasing function and u(+) is a continuous, increasing,
strictly quasiconcave function of N variables. As .M. German (1976) has

shown, the resulting indirect utility function is

(5) V(p, q, V):V[Pl, pz: .ot PN, , v + Pl Kb(q)]

where v(+) is the indirect utility function corresponding tou(+). Substi-

tution of (5) into (2) and (3) yields the fol | ow ng: I

PROPCSITION 1: If at least one private market good is a perfect substitute
forqg, then C =E.

At the opposite extrene, | assume that there is a zero elasticity of sub-
stitution not just between g and x; but between g and all the x's. Thus

the direct utility function beconmes

< ;
(6) u(x,q)=u[min (q,—i), . . ., min Qq, 4)]
& (
|
where a;, ... oy are posi tive constants and u(+) is a conventional direct
utility function. In this case the indirect utility function v(p, g, y) hasa

rat her conplex structure and changes its form in different segnments of (p, a, y)
space. It will be sufficient for my purposes to focus on just one of these seg-
ments. Suppose that q _<_Y/ZDi a;; then the maximization of {6), subject to the
budget constraint, yields ordinary demand functions and an indirect utility func-
tion of the formx; = h'(p, a, y) = a; q, and u = v(p, q, y) = ula, . . ., a)z

Wq). In this region of (p, @, y) space, the individual does not exhaust her
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budget, and her marginal utility of income is therefore zero. Now suppose that

qO iY/ZPiOli and ql > qO- 1 0

Since vip,q,Yy) >wiq), it is evident from (2)
that the individual would be willing to pay some positive but limted anmount C
to secure this change. However, for any positive quantity E, no matter how

large, V(p, q°,y + E) = v(p, a°, ¥) = w(q"). This implies the following:

PROPCSITION 2:  If there is zero substitutability between g and each of the
private market goods, it can happen that , while the individual would only be
willing to pay a finite amount for an increase in g, there is no finite com

pensation that she would accept to forego this increase.

It shoul d be enphasized that this result obtains only in a portion of
(p, g, Y) space; in other regions, even with (6), Ewould be finite." How
ever, the result in Proposition 2 can also be established for other utility
functions that permt some substitutability between g and the x's as long as
the indifference curves between g and each of the x’s beconme parallel to the
g axis at some point. The lesson to be |earned fromthese two propositions is
that the degree of substitutability between q and private market goods signifi-
cantly affects the relation between C and E. In the next section, | show how
this observation can be reconciled with the bounds on C and E derived by

Randal | and Stoll.
[I. Randall and Stoll's Bounds

In Order to extend Willig's bounds from price to commodity space, Randall
and Stoll focus on a set of demand functions different from those consi dered

above.  Suppose that the individual could purchase g in a market at some given




price, m. It nust be enphasized that this market is entirely hypothetical

since q is actually a public good. Instead of (I), she would now solve’

(7) max U X, g) subject to Ip;x; + mq = y.
X,q
Denote the resulting ordinary demand functions by X; = Fll(p, ny), i =1,

- Nand q = 1%p, m, y). The corresponding indirect utilitv function is
v(p, 1, y) = ulhp, 1 y), 8%p, m, y)]. The dual to (7) is: Mninize
Ip;x; + mq with respect to x and q subject to u = u(x, a). This generates
a set of conpensated demand functions, xi = g'p, m, U, i =1,
q = gp, m, u), and an expenditure function, @(p,1T, V) = zpg'(p, m, U +
w(p, IT, u). These functions are hypothetical since q is really exogenous to
the individual, but they are of theoretical interest because they shed |ight
on the relation between C and E

For any given values of g, p, and u, the equation,

(8) ag%p, u),

may be solved to obtain = = %(p, g, u), the inverse conpensated demand (i.e.,

willingness to pay) function for q: (<) is the price that would induce the

individual to purchase q units of the public good in order to attain a utility

level of u, given that she could buy private goods at prices p. Let 0 -

0

m(p, q , uo) and n° = (p, ql, ul) denote the prices that woul d have supported

q0 and ql, respectively. The two expenditure functions dual to (1) and (7) are

related by:

~

(9) mp, a, u) Emfp, n(p, g, u), ui—n(p,q, u) .g.




This inplies thatl0
(lo) my(ps 9 v) = -nlp,a, u.

Conbining (10 wth (2') and (3') yields these alternative formulasfor C and

E expressed in ternms of the willingness-to-pay function:

1

q -

(2”) C=17r 0 TT(P, g, UO) dq
q
ql ~

(3) E= 7 10, a, ub) dg.

It can be shown that sign (T?u) = sign (33). Therefore, for given (1, q), the
graph of T?(p, a, ul) |ies above (below) that of n(p, a, uo), and E > (<) C
accordingly as q is a normal (inferior) good. Figure 1 shows E and C for the

0

case where g is normal: E corresponds to the area g ayql while C corre-

spends to the area qoa § q?

Using the technique pioneered by Wwillig, Randal | and Stoll establish
bounds on the difference between each of C and E and the area under an inverse
ordinary demand function for q. Fromthis, they derive bounds on the differ-
ence between C and E However, the requisite inverse ordinary demand function
is obtained in a rather special manner. Gven any level of g, we can ask what
market price = would induce the individual to purchase that anount of public
good if it were available in a market, while still allowi ng her to purchase
the quantity of the x’s that she actually did buy at market prices p with in-

cone y. In conducting this thought experinent, one needs to supplenent he,
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FIGURE 1. wrp and wra for a Change in q.
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incone so that she can afford q as well as the x's. Thus, for given (p, q, )

1

we seek the price = that satisfies

(11) a=h%p, 7, y + ma).

The solution will be denoted by n = nlp, q, Y). This inverse functionis

related to the inverse conpensated demand function by the identitiesll
(123) Tf(p’ q, Y) = TT[p, a, V(p, a, Y)]

(12b) wp, g, U) =alp, g M(p, g w)].

0

It follows from(12a) that nosfr(p,q ,uo) = T?(p, qO, y) and al =

ﬁ(p, ql, ul) = TAr(p, ql, y)--i.e. , the graph of =(p, g, y) as a function of g

Intersects the graph of ﬁ(p, q, o) at q = qo, and the graph of 1(p, q, ul)

q - ql. This is depicted in Figure 1. -

at

Using the inverse demand function n(p, q, y), define the quantity

al -
(13) Azt 4mlp, g, y)dq
q

1

whi ch corresponds to the area ¥ g y&q in Figure 1. Thisis a sort of

Marshallian consumer’s surplus, which is to be conpared with C and E Let

_ aln 1(p, g, V)
(14) E_ aln y

be the incone elasticity of ;r(p, g, ¥); Randall and Stoll call this the “price
flexibility of income.” Assume that, over the range from (p, qO, y) to

(p, 01, y), this elasticity is bounded from below by gL and from above by
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5” with neither bound equal to 1. Using the mean-value theorem as in
Willig's equation (18), and the above equations (2'), (3"), (10), (12b), (13),

and (14), yields Randall and Stoll's result--nanely,
. L U L u
PROPCSI TION 3: Assume £ < £ < & where £ # 1 and £ # 1. Then,

1

: 1-g-
(1)05[1+(1-gL)%] -1es

1

o allE ¢
()0<1- |1-(-g)3 <yl

(iii) 1£€2<1, orife¥>1 and 1+ (1 - 9

(iv)If£L>1,orifgL<landl- (l-gL)%ZO,—fll{l-(1-gL)%1

Applying a Taylor approxi mation, as in Willig, and assumng that the condi-

tions in (iii) and (iv) are satisfied, one obtains
(15) e 5 <E-Cce

This is comonly interpreted as inplying that C and E are close in val ue,
but whether or not that is correct clearly depends on the magnitudes of (A/y)

and the bounds £ and & . The magni tude of (A'Y) depends in part on the size

of the change from qo to g? But what can be said about the likely magnitude
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of the income elasticity, &--could it happen, for exanple, that gL = «? TO

answer that question, differentiate (11) implicity

hg(p, Tr, Y + TTQ)

(16) Sip, Q,,V)___

ay hl(p, 7, y +m) + qﬁg(p, ™, Y t mq)

By the Hicks-Slutsky decomposition, the denom nator is equal to the own-price

derivative of the conpensated demand function for q and is nonpositive

~

gle, mov(p, q, y)] =0, 1, v+ m) + q hi(p, m, y+ m) < 0.
Converted to elasticity form (16) becomes

(16') B

€

where n =z (y + nq) ﬁ;(P, m, Y *an)/q is theincomedastcity of the direct

ordinary demand function for ¢, o« = qn/(y + qn) i s the budget share of q in re-
lation to “adjusted” incom, and e =mgllp,m,v(p, g ¥)1/aisthe own-price
elasticity of the conpensated demand function for g. The last termcan be re-
lated to the overall elasticity of substitution between g and the private mar-
ket goods X1» .. Xy- By adapting W E  Diewert's (1974) analysis, it can be
shown that, if the prices p, ... p vary in strict proportion (i.e., pi = o,
for sonme fixed vector p), the aggregate Allen-Uzawa el asticity of substitution
between q and the Hicksian conposite commodity N Z'f)ixi, denot ed 0y IS

related to the conpensated own-price elasticity for g by the formula: . -

-U(l - a). Hence, (16') may be witten



(16") g- L0

where o, > 0.

This provides an explanation of the results in the previous section. For
changes in g, unlike changes in p, the extent of the difference between C and
E depends not only on income effects (i.e. , n) but also on substitution ef-
fects (i.e., Q). If, over the relevant range, either n = O (no incone ef-

fects) orogy = = (perfect substitution betweeng and one or nore of the x's),

)
mmgL:§:Oam,Hmemﬂﬂm3,C:A:E.mt%onhmm

if the demand function for g is highly income elastic, or there are very few
substitutes for g among the x's so that o is close to zero, this could
generate very large values of gand substantial divergences between C and E
Suppose, for exanple, that, over the relevant range, a |ower bound on the incone
elasticity of A is gL = 20(eg,n=2and gy = 0.1) and A/y = 0.05.
Then, from Proposition 3 (i and iv), C/y <0.0345 while 0.1708 < E/y, so that F
is at least five tinmes larger than C 13 Hi gher val ues of gL woul d inply even

greater differences between C and E
[11.  Concl usion

A recent assessnent of the state of the art of public good valuation con-
el udes “Received theory establishes that . . . WP . . . should approxinmately
equal . . . WIA.. . . In contrast with theoretical axionms which predict
smal | differences between WIP and WTA, results from contingent valuation
method applications wherein such neasures are derived alnost always denon-

strate large differences between average wrP and Wra.Todate, researchers
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have been unable to explain in any definitive way the persistently observed
differences between wIP and WTA neasures” (Cummings, Brookshire, and Schulze,
p. 41). This paper offers an explanation by showi ng that the theoretica
presunption of approximte equality between WTP and WTA is mi sconceived. This
is because, for public goods, the relation between the two wel fare neasures
depends on a substitution effect as well as an income effect. Gven that the
substitution elasticity appears in the denom nator of (16”) and the Engel
aggregation condition places some lint on the plausible magnitude of the
nunerator, this suggests that the substitution effects are likely to exert far
greater |everage, in practice, on the relation between WIP and WTA than the
income effects. Thus, large enpirical divergences between WTP and WTA may be
indicative not of some failure in the survey methodology but of a genera
perception on the part of the individuals surveyed that the private market
goods available in their choice set are, collectively, a rather inperfect

substitute for the public good under consideration
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FOOTNOTES

Yhis viewis expressed by, for exanple, Myrick Freeman (1979, p. 3)
Mark A. Thayer (1981, p. 30); Jack L. Knetsch and J. A. Sinden (1984, p. 508);
and Don L. Coursey, WIlliam D. Schulze, and JohnJ. Hovis (1984, p. 2).

2| amtreating q as a scalar here, but it could be a vector without
seriously affecting the analysis in this section. |n the next section, how
ever, the analysis woul d becone significantly nore conplex if o were a vector
and more than one elenent of g changed.

These alternative interpretations are offered, respectively, by Miler,
W M chael Hanemann (1982), and Randal | and Sto11l.

“These properties are established in ny earlier paper

°I have taken the liberty of defining C and E as the negative of quan-
tities appearing in willig and in Randall and Stoll, so that sign (C) =

sign (E) = sign (U- u.

6| 1 0

> q0 and ut> u®  The anal ysi s coul d be

repeated for a case in which quality decreases and ub <o, In that case, C

assume throughout that g

and E are both nonpositive and correspond, respectively, to the conpensation
that the individual would be willing to accept to consent to the change and
the anount that she would be willing to pay to avoid the change. This woul d
reverse the inequalities presented below, but it would not affect the sub-
stance of ny argunent.

“This result carries over, of course, if more than one private good is a
perfect substitute forq. In the npst general case, u(x,q)=ﬁtxl + 4 (a),

s xg + @] and C=Emply;(ah) - v (@)1,
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‘Indeed, if F(alpl, cees Oy Dy y) <_aO, I =1, . ... N it can be shown
t hat V(p’ qO’ y) = V(P, ql’ y) = V(;lpl’ QNPN’ V) and C = E = 0, where
hi(.) and v(-) are the ordi nary demand functions and indirect utility function

associ ated with u(e).

Yt is now necessary to assune that u(«) is strictly quasiconcave in both
x and q.

10Using subscripts to denote derivatives, differentiate (9) and note that
q="2,r, U = Elﬂ(p, m, U by Shephard’s Lemma. Equations simlar to (9)
through (12) are presented by J. P. Neary and K W S. Roberts (1980).

Uppte that 1(p, g, y) is not an inverse ordinary demand function in the
sense of Ronald W Anderson (1980) because it involves an income adjustment as
wel | as a price effect.

)¢ is comonly supposed that 2> 41 when c?< ql--see, for exanple,
Figure 7.12 in Richard E Just, Darrell L. Hueth, and Andrew Schmtz (1982)--but
this is not correct. It can be shown that nO;n Lecordi ng as n > (1/a).
Since Zong toan = 1 by the Engel aggregation condition, where Cy =z pixy/(y +
m) and g = (Y + ma) hifx.. 0 <>n1 if and only if 1o, n, <O

Lrmis is act ual ly the order of magnitude by which WA neasures exceed

WIP measures in the enpirical studies summarized in Table 3.2 of Ronald G

Cumm ngs, David S. Brookshire, and Wlliam D. Schulze (forthcom ng).
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